ABSTRACT: The northern fulmar Fulmarus glacialis is a medium-sized seabird with a broad, circumpolar range in the northern hemisphere, and is the only petrel that inhabits the High Arctic. We used stomach analysis and stable isotopes (δ 15 N, δ 13 C) of muscles to examine the diet of 179 fulmars during the breeding season at 4 locations in Arctic Canada, to compare diet to those from studies conducted in these regions > 2 decades earlier. Across sampling locations, cephalopods, polychaetes and crustaceans dominated dietary remains in fulmars, although there was some regional variation. Both stable isotopes and stomach dissections showed that a seasonal shift in diet occurred in May, after which fulmars fed at a higher trophic level, suggesting a difference in winter/migration diet and breeding season diet. After migration, fulmar digestive organs decreased markedly in size, and by the time chicks were hatching, these organs were still 17 to 39% smaller than their size when birds arrived at the colony. Despite ongoing changes in the marine environment in much of the Arctic due to global warming, recent fulmar diet samples were similar to samples collected in the 1970s and 1980s, except that a higher proportion of recent collections contained fish.
INTRODUCTION
Invertebrate and fish fauna vary across oceanographic zones in the North Atlantic in response to differing oceanographic conditions, often on small geographic scales (e.g. Karnovsky et al. 2003) . Many marine birds are generalist predators that exploit invertebrates and fish (e.g. Woo et al. 2008) . Consequently, monitoring the diet of marine birds provides a measure of the diversity and availability of different types of organisms in marine food webs and allows detection of shifts in food webs due to changes in oceanographic conditions (e.g. Gaston et al. 2003 , Frederiksen et al. 2004 .
In the North Atlantic, the northern fulmar Fulmarus glacialis is the only Procellariiform seabird (petrel) found in Boreal, Low Arctic and High Arctic oceanographic zones (Salomonsen 1965 , Hatch & Nettleship 1998 . It feeds on zooplankton, cephalopods, fish and carrion across its range in Boreal and Low Arctic waters (Furness & Todd 1984 , Hamer et al. 1997 , Phillips et al. 1999 , Garthe et al. 2004 . Relatively less is known about fulmar diet in the High Arctic, although it appears to rely more on invertebrates in this region, particularly early in the breeding season, than farther south (Hatch & Nettleship 1998 , Mallory 2006 .
We examined the diet of fulmars at several locations in the Canadian High Arctic. This region is experiencing environmental changes, including less extensive and thinner sea ice cover, earlier ice breakup, later ice formation and in some cases warmer sea surface temperatures (ACIA 2005) . Most High Arctic marine birds use ice edges, leads and polynyas as important foraging locations because these sites are often highly productive and provide the only open water areas where prey are accessible (Brown & Nettleship 1981 , Stirling 1997 . In fact, in the Canadian Arctic, most polynyas and recurrent ice leads have been identified as key marine habitat sites for migratory birds (Mallory & Fontaine 2004) . Thus, long-term changes in marine environmental conditions may influence the timing and availability of prey for breeding marine birds. For example, Gaston et al. (2003) found that the diet of thick-billed murres Uria lomvia at one Arctic colony switched from ice-associated Arctic cod Boreogadus saida to warmer-water capelin Mallotus villosus over a 20 yr period. Such changes in marine food webs could potentially influence reproduction of marine birds through changes in prey availability or diet quality. Consequently, our study sought to: (1) establish a baseline of dietary information for fulmars at locations where this had not been investigated previously; (2) compare diet of fulmars at sites where there was an earlier baseline (e.g. Bradstreet 1976 ); and (3) investigate whether there are seasonal changes in the diet of High Arctic fulmars as suggested by Hatch & Nettleship (1998) , and recently demonstrated for Alaskan fulmars (Wang et al. 2009 ). We also used 3 techniques to assess fulmar diet at different temporal scales: size of digestive organs (an index of foraging effort or shifts in types of food consumed; e.g. Ankney 1977); stable isotopes of carbon and nitrogen (indices of diet over weeks, months, or years, depending on the tissue analysed; Hobson 1993); and stomach content analysis (remains of the most recently consumed food).
MATERIALS AND METHODS
Our analysis of fulmar diet in the Canadian High Arctic was based on samples of birds collected at 4 different locations in 3 separate studies (Fig. 1) . We col- (Mallory et al. 2008b ). The gray area on the inset map is the range of northern fulmars in the North Atlantic Ocean lected 35 fulmars at sea during May to July 1998 and August to September 1999 through the North Water Polynya (NOW) Project in the waters near 76°50' N, 74°20' W (Karnovsky et al. 2008) . We also collected 119 fulmars as they were returning to the breeding colony during May to August of 2003 to 2005 as part of the Cape Vera Project, at 76°15' N, 89°15' W; for these birds, the breeding status (breeding, non-or failed breeding) was known through behavioral observations or dissection (Mallory & Forbes 2005 , 2007 . In the High Arctic, fulmars begin to attend their colonies in May, lay their eggs in early June and incubate until late July, and then rear chicks through August into early September (Hatch & Nettleship 1998 , Mallory & Forbes 2007 . We also collected 10 fulmars at Prince Leopold Island (74°N, 90°W) and 15 fulmars at Cape Searle (67°14' N, 62°28' W) in 2008 as part of an International Polar Year Project (Provencher et al. 2009 ). These locations are all within the High Arctic oceanographic zone (Salomonsen 1965) . Most fulmars were collected with a 12-gauge shotgun using steel shot, except for all those taken at Prince Leopold Island and some of those at Cape Vera, which were captured by noose pole on their nest, and then quickly euthanized. In the North Water Polynya study, gizzards and proventriculi were dissected out and then preserved in ethanol or kept frozen, whereas in the other studies, carcasses were frozen soon after collection. All North Water Polynya carcasses were later dissected in a laboratory; 4 (11%) of these carcasses had no dietary items in either digestive organ, and we did not record whether dietary items were from the proventriculus or gizzard. For Cape Vera fulmars, the mass of the gizzard (± 0.1 g) and proventriculus (± 0.1 g) and the length of the small intestine (± 0.1 mm) were measured (n = 84). For each sample (i.e. proventriculus and gizzard from each fulmar, hereafter referred to as 'stomach'), dietary items were flushed from the proventriculus and gizzard and examined using a dissecting microscope, and identified to the lowest possible taxonomic level. All 119 Cape Vera birds had at least one item in their gizzards, whereas 40 (34%) of them lacked any items in their proventriculi. All fulmars collected at either Cape Searle or Prince Leopold Island had items in their proventriculi or gizzards, but data from both digestive organs were pooled. Bradstreet (1976) also found very few empty stomachs in fulmars that he collected.
The number of amphipods present in each sample was estimated from the number of heads or telsons, whichever was greater. Similarly, numbers of cephalopods were estimated from the number of upper or lower mandibles, or one half of the count of cephalopod eye lenses, whichever was highest. Numbers of polychaete jaws or fish otoliths in each sample were divided by 2 to estimate the numbers of these organisms being represented. Pteropods were identified as whole organisms, and mammal flesh was identified by the presence of hair.
A small (< 2 g) sample of breast muscle collected from most birds was frozen and then shipped to the University of Saskatchewan for stable isotope analysis using standard procedures to determine δ 15 N and δ 13 C values as outlined in Hobson et al. (2002) . Within food webs, relatively higher values of δ 15 N indicate that an organism had been foraging at a higher trophic level, while lower values of δ 13 C suggest consumption of prey from more pelagic habitats (Hobson & Welch 1992 , Hobson 1993 , Hobson et al. 2002 .
To determine where fulmars breeding at Cape Vera were foraging, we equipped some breeding birds with satellite transmitters (procedures described in Mallory & Gilbert 2008) . Foraging locations of Cape Vera fulmars have been previously described (Mallory et al. 2008a,b ), but we show 2 foraging trips here (Fig. 1 ) to confirm the relationship between the North Water Polynya and the Cape Vera colony.
Samples were compared on 2 criteria: (a) proportion of stomachs that included at least 1 specimen of a given taxon (% occurrence) and (b) for certain prey items, mean number of individuals of a given taxon per stomach (mean representation). The percent occurrence is an index of how commonly fulmars consume a particular prey item (i.e. if the % occurrence is high, then most fulmars eat that item). In contrast, the mean representation provides an index of how many of those prey items are consumed, which can be useful when comparing prey items. The 2 measures also provide insights on prey-specific foraging. For example, in Table 1 , for copepods in the NOW (North Water Polynya), the % occurrence is only 26%, but the mean representation is 61; in other words, a few fulmars foraged heavily in copepod swarms, resulting in an overall high proportion of copepods per stomach.
We compared % occurrence of prey in fulmar stomachs collected at different sampling sites using Fisher's exact test, and calculated 95% CIs for proportions using Clopper-Pearson procedures (Zar 1984) . We used ANOVA (Sex, Breeding stage, Sex × Breeding stage as main effects) to test for differences in digestive organ size (Tukey-Kramer multiple comparisons test for significant effects). Distributions of hard parts in the proventriculi or gizzards (cephalopod beaks or polychaete jaws) were compared with binomial tests. Spearman rank correlations were used to examine temporal trends in isotopes or organ size through the breeding season. All means are presented ± SE.
RESULTS

Stomach content analysis
We examined the stomach contents of 179 fulmars to identify dietary items (Table 1) . Many prey were well digested, but those that could be identified to family level or lower are listed in Table 2 . Of 6825 items found, the most numerically abundant items were crustaceans, specifically copepods and amphipods, but cephalopods were found in the greatest proportion of stomachs (80%), although represented only by hard parts (beaks). At Cape Vera, these beaks were usually found in the gizzards (379 of 448 pieces; binomial test, p < 0.001), although those found in the proventriculi suggested more recent consumption of cephalopods. Similarly, most (86 of 129; p < 0.001) polychaete jaws were in the gizzards. Fish otoliths (almost all Boreogadus saida) were found in 19 to 61% of the specimens in the 4 sampling locations, depending on collection date.
Across the 4 sampling locations, % occurrence was similar for fish and crustaceans, with a consistently high occurrence of amphipods, and a general absence of decapods and mysids in the diet of High Arctic fulmars. However, there were a few clear differences among sampling locations, particularly for other prey types: at Cape Vera, % occurrence of polychaetes (41%; 95% CI: 32 to 50%) was greater than at other sites (combined, 8%; 3 to 18%; Fisher's exact test, p < 0.001), while % occurrence of cephalopod beaks was 34% (19 to 52%) in North Water Polynya fulmars, but 92% (86 to 96%) at other sites (p < 0.001). Far fewer fulmars (4%; 1 to 9%) from Cape Vera and Prince Leopold Island contained copepods compared to the other 2 locations (34%; 21 to 49%; p < 0.001). Pieces of mammal flesh (presumably scavenged seal) were found only in 3 samples from the North Water Polynya (Table 1) . Finally, % occurrence of fragile, soft-bodied prey items (e.g. the pteropod Limacina limacina) was 17% (6 to 34%) in the North Water Polynya sample, but few were found at other sites (0 to 2%, p < 0.001).
There was some evidence of seasonal changes in fulmar diet at Cape Vera, notably between May and other months ( Table 1 ). The mean representation of cephalopods (14.2 ± 4.1) and fish (1.2 ± 0.1) in May was higher than at any other month (except for 2.4 ± 0.4 fish for non-breeders in July). At the same time, May was the only month when the mean representation of crustaceans was <1 stomach -1
. The mean representation of polychaetes more than doubled from May through August (Table 1 ). The increase in the number of amphipods consumed by fulmars in July was attributable principally to 5 fulmars that had each eaten a large number (142 to 872) of ice-associated amphipods (Ischyrocerus anguipes and Gammarus setosus).
Given the apparent change in diet with time, we could only compare diet of breeders and non-breeders in July (to minimize temporal bias). More non-breeding than breeding fulmars contained fish in July (p = 0.058); otherwise, proportions of various prey in the diet were similar. For fulmars collected in the North 184 Table 1 . Fulmarus glacialis. Frequency and proportional occurrence (in brackets) of prey items recovered from the digestive tract of northern fulmars in High Arctic Canada (note that 'total' for Cape Vera includes 5 birds of unknown breeding status). Proportional occurrence in the sample is defined as the percent of fulmars that contained at least one of these prey items. Mean representation of each prey type can be determined by dividing the frequency by the sample size (e.g. for polychaetes in May at Cape Vera: mean representation is 5/21 = 0.24 bird -1 Water Polynya, pteropods were only found in stomachs of birds collected in August and September, whereas calanoid copepods were found in birds collected in June and especially July.
Gastrointestinal tract morphology
Both male and female gastrointestinal tracts of fulmars underwent substantial changes through the breeding season (Fig. 2) . Gizzard mass was similar between males and females (F 1,74 = 0.8, p = 0.4), but differed between some stages of breeding (F 4,74 = 12.3, p < 0.001; interactions terms not significant), being significantly heavier upon arrival at the colony (e.g. early May) than during other stages of breeding except hatching (Tukey-Kramer multiple comparisons tests, p < 0.05). Even by the time of hatching, gizzards of male and female fulmars were still 33% smaller than at the time of arrival at the colony.
Male and female fulmars had proventriculi of similar mass (F 1,74 = 3.1, p = 0.08), but proventriculus mass differed between some stages of breeding (F 4,74 = 12.7, p < 0.001). However, there was a significant interaction between sex and breeding stage (p = 0.04), so we analyzed proventriculus mass within each sex. For male fulmars, proventriculus mass differed with breeding stage (F 4,40 = 6.6, p < 0.001), with proventriculus mass being significantly heavier on arrival at the colony than at other stages except for early incubation (Tukey-Kramer multiple comparisons tests, p < 0.05). The mass of proventriculi of female fulmars also differed with breeding stage (F 4,34 = 11.7, p < 0.001), with proventriculus mass being heavier on arrival at the colony than at other stages except for pre-laying (Tukey-Kramer multiple comparisons tests, p < 0.001). At hatching, male and female fulmar proventriculi were 31 and 39% smaller than on arrival at the colony, respectively.
Male fulmars had consistently longer small intestines than females (F 1,74 = 20.4, p < 0.001), which is expected because males are structurally larger than females (Mallory & Forbes 2005) . Intestine length also differed with breeding stage (F 4,74 = 4.8, p = 0.002). For both sexes, small intestine length increased from arrival at the colony to the date of hatching (males by 22%, Spearman rank correlation r S44 = 0.34, p = 0.02; females by 17%, r S40 = 0.49, p = 0.001).
Stable isotopes
For 121 fulmars collected between 4 May and 20 July at Cape Vera and the North Water Polynya, mean δ 15 N was 13.9 ± 0.08 ‰ (SE; range 12.6 to 16.3 ‰), and mean δ 13 C was -19.5 ± 0.05 ‰ (range -21.2 to 18.6 ‰; Fig. 3 ). Using data from fulmars collected during the same stage of the breeding season in each study (19 May to 7 July), birds from both locations had similar δ 13 C values (Cape Vera: -19.6 ± 0.1 ‰, n = 52; North Water Polynya: -19.6 ± 0.1 ‰, n = 19; t 59 = 0.3, p = 0.7), but North Water Polynya fulmars had higher δ 15 N values (Cape Vera: 13.6 ± 0.1 ‰, n = 52; North Water Polynya: 14.1 ± 0.1 ‰, n = 19; t 36 = 3.2, p = 0.003). Thus, we analysed for temporal trends in isotopes separately for each location. At Cape Vera, δ 13 C values increased slightly as the breeding season progressed (r S102 = 0.18, p = 0.08), while δ 15 N values increased markedly (r S102 = 0.69, p < 0.0001; Fig. 3 ). In the North Water Polynya, fulmars had lower δ 13 C values through the breeding season (r S19 = -0.52, p = 0.02), but δ 15 N values increased insignificantly (r S19 = 0.38, p = 0.1).
DISCUSSION
In their review of published data on the diet of the northern fulmar, Phillips et al. (1999, p. 166) stated that the fulmar '… has a very catholic diet, which exhibits much spatial and temporal variation'. Our study confirms 185 this observation, as well as the classification of fulmars as opportunistic predators (Fisher 1952 , Hatch & Nettleship 1998 , even at high latitudes. In all 4 of our study sites, crustaceans (particularly sympagic amphipods and pelagic copepods) were the most abundant prey items consumed, while squid occurred with the highest frequency in stomachs. However, fish may have contributed the most energy to their diet, as suggested by Bradstreet (1976) and Bradstreet & Cross (1982) . Differential rates of digestion and passage through the digestive tract undoubtedly affect the relative proportions of the different taxa found during stomach analysis (e.g. Bradstreet 1976 , Gaston & Noble 1985 , Phillips et al. 1999 ; thus, the types of sampling methods and their biases must be considered when interpreting results of dietary studies (Barrett et al. 2007 ). In discussing our results below, we acknowledge where these biases may have influenced our observations, and we caution that comparisons of our data to past and future studies should consider both potential biases attributable to methodology, as well as potential effects of annual Arctic ice phenology on prey distribution and availability (e.g. Gaston et al. 2005) .
Some of our findings were consistent with earlier investigations of diet in High Arctic fulmars. For example, in a study of fulmar diet similarly based on stomach samples and conducted over 20 yr earlier at Cape Vera (n = 233 fulmars), Byers et al. (2010) found that 90% of fulmars consumed cephalopods, 41% ate crus- Frederiksen et al. 2004 , Harris et al. 2007 , Montevecchi 2007 . These food web changes may affect fulmars at southern colonies during the breeding season, and may also affect Arctic fulmars, as these areas may form part of the wintering range for this species (Mallory et al. 2008b) . Despite the overall similarity in invertebrate contributions to the diet of fulmars at Cape Vera over 2 decades, our study also found some novel and notable dietary differences compared to previous investigations on High Arctic fulmars. At Cape Vera, 5 × as many fulmars in our recent samples (44 of 119 birds [37%], 0.8 fish bird , with 6 of 31 fulmars (19%) containing fish. The difference in fish consumption during July may be related to a difference in seasonal availability of prey between these years, which may be affected by the timing of sea ice breakup and thus by access to different food resources (Gaston et al. 2005) . Lancaster Sound was relatively free of ice by July 1976, whereas 2008 saw relatively heavy ice cover persisting into July (Environment Canada 2009). Fulmars use ice edges and leads to access sympagic Arctic cod (Hatch & Nettleship 1998) ; thus, greater ice cover in 2008 (i.e. more leads and pack ice) might explain part of the higher consumption of fish by fulmar, at least at Prince Leopold Island.
Also at Prince Leopold Island, Hatch & Nettleship (1998) found that fulmars consumed more fish during the chick-rearing stage (August and September; 1.3 fish bird -1 ). In contrast, only 17% of the fish found in North Water Polynya fulmar stomachs were from collections in August or September, occurring in 20% of those birds, whereas 83% of the fish remains were from birds collected in June and July, occurring in 32% of those fulmars. Unfortunately, we did not sample known breeding birds very late into the breeding season at Cape Vera, but our data did not suggest a significant increase in fish consumption in August samples (0.3 to 0.4 fish bird -1 at Cape Vera, Cape Searle and the North Water Polynya). Phillips et al. (1999) , studying the diet of fulmars near Disko Island, Greenland, recorded a similar proportion of birds consuming fish (38%), but these were mostly capelin Mallotus villosus. Like our study, they did not observe an increase in fish consumption as the breeding season progressed (in fact, fulmars shifted to crustaceans and pteropods later in the breeding season).
Overall, we found that High Arctic fulmars consumed a low diversity of fish, with far fewer species than are available to fulmars farther south in the North Atlantic or Pacific (Furness & Todd 1984 , Camphuysen & Garthe 1997 , Hatch & Nettleship 1998 , Garthe et al. 2004 , Wang et al. 2009 ).
Interpreting the contribution of squid to fulmar diets is challenging because squid soft tissues are rarely found in fulmar stomachs or regurgitations, although squid beaks (and eye lenses) are the most frequently found dietary remains and may be retained in fulmar stomachs for months . Nevertheless, our results support those of the broader survey by Phillips et al. (1999) who showed that % occurrence of squid in fulmar samples from Arctic waters generally exceeds 50%, whereas samples from southern Iceland and the northern UK contain very few squid. Thus, the available evidence strongly suggests that Arctic fulmars consume more squid than their Boreal conspecifics during migration and the breeding season.
Like cephalopods, polychaetes also leave chitinous remains (jaws) when digested. We found polychaete remains in 41% of the fulmars at Cape Vera, but occurrence was lower in May than in the latter months of the breeding season. Presumably, this temporal pattern is attributable to the availability of the worms at the surface; Nereis are more common at the surface when spawning in the warmer summer waters (Phillips et al. 1999) . Arctic fulmars could be ingesting polychaetes directly, or could be getting their remains secondarily by consuming fish that had eaten polychaetes; our data do not allow us to distinguish between these possibilities. Lydersen et al. (1989) found polychaete remains in 82% of fulmars collected near Svalbard in September, and Belopol'skii (1957), Mehlum & Gabrielsen (1993) and Phillips et al. (1999) also found polychaetes to be a common component of fulmar diets in the High Arctic.
Several studies have noted the importance of 'gelatinous' prey to fulmars, particularly jellyfish and pteropods (Harrison 1984 , Hobson & Welch 1992 , Camphuysen & van Franeker 1996 , 1997 . Byers et al. (2010) noted abundant pteropods in the waters near Cape Vera, but found none in the diet of fulmars from that colony, and we did not record any during recent sampling. Pteropods were common prey of fulmars collected at sea in Lancaster Sound in 1976 (21 items bird -1 ; Bradstreet 1976), but were not observed in the diet of birds at the Prince Leopold Island colony in the same year (Hatch & Nettleship 1998) . In our study, pteropods were only recorded in the stomachs of fulmars collected at sea in the North Water Polynya, which strongly suggests that these soft-bodied prey are digested quickly by fulmars in transit to their breeding colonies -a potential bias due to sampling methods (Barrett et al. 2007 ). Thus, colony-based investigations probably underestimate the contribution of soft-bodied prey to fulmar diets.
It is clear that amphipods and copepods are key components of the diet of High Arctic fulmars (Bradstreet 1976 , Hatch & Nettleship 1998 , Byers et al. 2010 ; this study). Fulmars opportunistically capture sympagic and other amphipods, occasionally resulting in tens of amphipods per fulmar stomach. However, fulmars exploit and gorge themselves on copepod swarms at the sea surface, to the point where a bird can have difficulty departing from the water surface when approached by boat (Byers et al. 2010) . Hundreds of copepods can be found in an individual fulmar stomach (Table 1) . In our study, fulmars collected at Cape Vera and Prince Leopold Island (i.e. at colonies) had an amphipod:copepod ratio in their diet of 8.5:1 (Table 1) , whereas for the North Water Polynya and Cape Searle samples shot at sea, the ratio was only 0.03:1 (283 × lower). The at-sea ratio is similar to the colony-based ratio found at Prince Leopold Island in 1976 (0.08:1; Hatch & Nettleship 1998) or Cape Vera in the early 1980s (0.16:1; Byers et al. 2010 ). These differences in ratios suggest some bias in the most recent, colonybased samples. We speculate that copepod swarms were relatively distant from Cape Vera or Prince Leopold Island for the recent samples, and thus that consumed copepods were well digested when the birds returned and were shot.
Gastrointestinal tract morphology
Upon their first arrival at the breeding colony in May, fulmars initiate a 2 wk fast (Mallory & Forbes 2008) , at which time their gizzards decrease markedly in mass and their intestines are relatively short. For the following 2 mo, their digestive organs increase in size, mirroring the pattern exhibited by High Arctic red knots (Calidris canutus; Morrison & Hobson 2004 , Morrison 2006 . When birds use their digestive organs more, or when they consume prey that requires more work to digest, those organs increase in size (length or mass; Ankney 1977 , Drobney 1984 , Battley et al. 2000 , van Gils et al. 2005 . The partial recovery of fulmar digestive apparatus probably reflects a shift from using stored (endogenous) energy reserves and minimizing costs of maintaining organs that are unnecessary for migration or early season survival. An increase in feeding, or possibly a switch to other prey types, leads to rebuilding of the digestive tract for foraging to meet energy requirements for incubation and to acquire exogenous reserves for self-maintenance.
Stable isotopes
Muscle δ
15 N and δ 13 C values for fulmars foraging at ≥76°N in our study were similar to values found for fulmars elsewhere across their range during the breeding season (Hobson & Welch 1992 , Hobson et al. 1994 , Thompson & Furness 1995 , Dahl et al. 2003 , which suggests that fulmars occupy an intermediate position in the High Arctic food web. This is consistent with previous isotopic modeling in the High Arctic (Hobson 1993) , where it was proposed that fulmar diet might consist of roughly 66% amphipods and 33% fish in the summer, based on a simple model. However, fulmars are opportunistic predators, and as such, their varied diet poses problems for interpreting contributions of different prey to their diet, based on isotopes (Hobson 1993) . Thompson & Furness (1995) , using isotopes in primary feathers, reported a significant decrease in the trophic level at which St. Kilda fulmars fed during the winter compared to the summer. In our study, fulmars arrived at the colony with low δ 15 N values, but these increased towards the date of hatching in samples from Cape Vera and the North Water. As we analysed stable isotope values in muscles, values reflected the diet from the previous month because the half-life for muscle tissue turnover for a ~700 g bird is 11.5 d (Hobson 1993) . Consequently, these values represent diets from April through June (i.e. northward migration to mid-incubation). Moreover, because High Arctic fulmars undertake a fast after arriving at the colony (Mallory & Forbes 2008) , some of the increase in δ 15 N could be attributable to nutritional stress and consequent catabolism of muscle tissue, as found in geese . Nonetheless, High Arctic fulmars overwinter across the North Atlantic like fulmars from the UK (Fisher 1952 , Lyngs 2003 , Mallory et al. 2008b , and probably forage on similar pelagic food. Thus, there appears to be a consistent pattern in fulmar diets at dis-parate sites across the North Atlantic population, with birds feeding at higher trophic levels during the breeding season, and then at lower trophic levels during the winter (although fulmars probably also feed behind fishing boats in the winter; Fisher 1952 , Hatch & Nettleship 1998 .
The 'natural' winter diet of fulmars, especially fulmars known to breed in the High Arctic, remains largely unknown. Camphuysen & Garthe (1997) noted that fulmars tended to leave the North Sea and reduced their exploitation of fisheries vessels in the North Sea during the winter. However, near the Barents Sea, Erikstad (1990) found that wintering fulmars consumed several species of fish, which presumably are at relatively high trophic levels. Juvenile Gonatus fabricii squid are well represented in the diet of Arctic fulmars, and these squid appear to feed at a relatively lower trophic level (δ 15 N: 9.2 to 9.7 ‰; Hooker et al. 2001) . A regional dietary or isotopic assessment of fulmars during the winter would shed much light on their energetics and ecological needs, as advocated by Hobson (1993) .
Trends in δ 13 C values through the breeding season differed between fulmars collected at Cape Vera and the North Water Polynya, and were generally more variable than δ 15 N patterns. We speculate that this was due to differences in the microhabitats where fulmars were feeding annually, which is partly attributable to patterns of ice breakup. For example, the dietary data suggested that at least some fulmars were feeding along ice edges in July (consuming many sympagic amphipods), whereas others were concurrently feeding on pelagic copepods. Prey from these habitats exhibit quite different δ 13 C values (Hobson et al. 2002) .
Conclusion
Even within the High Arctic oceanographic zone, northern fulmars exhibited regional variation in their diet during the breeding season, consistent with the opportunistic foraging behavior noted in this petrel by Fisher (1952) and Hatch & Nettleship (1998) . Diet and stable isotope analyses pointed to a seasonal shift in fulmar diet in May (i.e. first arrival at the breeding colony), and thus effectively separated northward migration from the breeding season. We found generally good consistency between proportions of various invertebrate prey in recent fulmar diets and proportions from the 1970s and 1980s, suggesting decadal stability in local High Arctic food webs. However, we observed an increase in the proportion of fish consumed in recent samples, which could be related to differences in food availability due to patterns and timing of sea ice breakup (Gaston et al. 2005) . A long-term pattern of earlier ice breakup in migration and feeding areas (ACIA 2005) will alter the timing and availability of prey for fulmars, perhaps relaxing the constraints on reproduction presently experienced by fulmars in the High Arctic (Mallory & Forbes 2007) . Given that High Arctic northern fulmars appear to arrive at their colonies with larger, stored endogenous nutrient reserves, undertake a longer pre-laying exodus, and often have longer incubation recesses compared to Boreal fulmars (Mallory & Forbes 2007 , 2008 , Mallory et al. 2008a ), 2 key dietary questions remain unresolved for this species: (1) Do higher foraging effort, different prey selection, or both, allow High Arctic fulmars to store more migratory and pre-laying energetic reserves than Boreal and Low Arctic fulmars? (2) 
